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Pirelli Society per Azioni 




SENT BY TELEFAX 
0049 8923994465 



Total pages transmitted: 58 (including this cover letter) 



EUROPEAN PATENT OFFICE 
Directorate 4.5. 
Erhardtstrasse 27 
D-80298 Munchen 
(Gcrmania) 



Applicant's ref: PCS 11 

Re: Filing of a European Patent Application having for title: 

"AUT0PR0TEC7ED OPTICAL COMMUNICATION RING NETWORK" 
in the name of PIRELLI CAVI E SISTEMI S,p.A- 



We are transmitting you the specification and the documents for filing the subject patent 
application, as indicated in the enclosed "Request for grawr of a European Patent". 

We are kindly requesting the Office to acknowledge safe receipt of this documentation ljj 
return fax • Telefax No, 0039 02 6442 3190. 

The relative prescribed fees as well as the fee for the is sue of receipt bv fax, in the total 
amount of EUR 1252- should be debited from ^Deposit Account No. 28070089 in the 
name of Pirelli Cavi e Sistemi S.p.A., as per enclosed Debit Order. 

Confirmation copy of the do cuments will he sent under separate cover. 
With many thanks. 



Dear Sirs, 



Pier Giovanni Gianne 
(GA 25553) 
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Antrag auf Erteilung eines europaischen Patents / Request for grant 1 
of a European patent / Requete en dellvrance d'un brevet europeen 

mtang i^B *nr farmfr datf> Taatopta (Tgfferi ahflaraafttan Amrtduc / Canttnatei afan aapfloman already I |ja/Yc»;Oul 
flad by fttMmllo / canfrmsUon tfu» damgndt dfe* d*p»fa p* tuattpta 

of the euttwritr wiBi *K* Dm daajnanti m (Bad / 8 out, dst? rfwwBdBtniAHeD^di^dBratoMtoeApW 



Wurfor smtftfrwj SefraueA/^o/' cttcfal use anfy/Cadto ttis&v* d fadmJTtfrtratfWi 




Anmefcfemjmmar / Application No. / M» da (a demand* 


MKEV 


i 


99112552.7 


Tag dot Eiflflanss <Re$el 24(2)) / Pete cf rocaJpl 
(Rule 24(2)) / Data de reception flrfcgte 24(2)) 


DREC 


2 


,0 I 07. 99 


Tag das Elngar^ belm EPA (Ragd 24(4)) / Daw cr racelpi 

at EPO (Rule 24(4)) / Dele 0» rocopfion A f*OEB Qftffli 24)4)) 


REMA 


a 




Anmitdaiag / Data offing/Date de depot 


4 




TBbutjtomn-PosiStittM/titxMihrf matto /Anita <te teAufefibn 


rJ l„lL _L- LU-U-j L 



und pjtmlft Arttoel W die PrOIungdarAnmeUung 
baaittragt/ Own ef a European patent, and 
examination ofttt» BppncifiM undir Aritste 94» 
in hereby rtquottd/l otdimand* (• deJNNWCe 
d'un hravat wrapiui at, cottfofmeiMRC a raitide f4, 
. frmnnendatodamtnda 

ZeJchea dM Ajtmejdjxt edar Vertrett* 
{max 1 S Poittbnen) / Applicant a or repfeaentafivali 
ttfenne* (maxtrwim 15 apacee) / Rfinkencs du demaitdeur 
ou flu mandattlra (max. 15 cafacttrea ou espaoaa) 



EXAM 4 



n 



AREP 



AMVELDER / APPLICANT / OEUANOCUR 

Name /Norn 

Aiwchrtft/Addrtu /Admass 



* DE5T 



\ APPHQ1 



Zutteflanecfvtft / Addrtu tor coneepondence / 
Adnata* pour I a conrapondanca 

r 



PAD* I I I I 1 I 1 



Bbatdet IffehnsltaM Oder Sttro / tttte of reaJdenca or or principal 
puca of buaineaa I Btit du domkSi on du ties* 

Stroma n&aMrtfikaa / Nationality / National It* 

THafon /Telephone / Telephone 



TBtai/Tdtai 



TeWax/Fw'Teielent 



Wnttirt(r) AnmaJdtt auf Zuiattbtott/ Addttonel applicant^) on 
additional eft eat i Autrefe) dem*ndei!r{a) aurfeuUe addWonrtaBa 



VERTRETER / REPRESENTATIVE I HAKOATAWE: 
Name /Norn 

(MralMfttortnrtBf awta* ftrln Buiapijitha PiiMmowwaMraamundan 
din zugMtefl «W /Kama oia> ena repreaantatf*, wto b » ba [lit»d(n*haR«Bbte'rf 
Bnpain Palno* and to ^aoi noMMilM l* ca ba mito / Kindlon 
i»jr«, qd aera tnaoH mi Rsgiatr* aunaiam daa biwati at auqHalagfTOiforMwittla) 



Oeath>*t»Brachr»/ Addftea of piaca of batatnaw/ 
Adraaaa praiaolornBOa 



Telefon ' Tatophona f TdMptlOOO 



Tslaa/Tfitejc 



Ttiatax/ Fu /T4l4«ai 



Wdtarath Vavtnlar auf Zuaabbiait/AddBloitai rap rasa ntftlva(i) on 
■ddtttonal ■haat/ Autra(a} mandttaJre(>) aur Hm$ tddHlofiMtta 

I t^AW i i — nar 



8 

7 
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10 

11 
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14 
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18 



18 
1t 
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ecMtoUe rwn*£PO language (aw Notes R.5): /Rsqu&la en 
ezsmoA cbna Ungat nan ctSaoUe *utt>rf$6a froltntiiCB ft, S 

Si rtehfede dl esaminare la domanda ai sensi 
deO'Art 94 EPC 
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PIRELLI CAVT B SYSTEM! $.p.A. 

Vialc Siren, Z22 
1-20116 MILAN, Italy 



ITALY 



ITALIAN 



Pier Giovanni GIANNESI 



I 



PIRELLI S.pJL 
Industrial Properly I^epL 
Viak Sar«a»222 

1*20126 MILAN, H 



[taitr 



39 026442 3331 



310135 PQtEMI £ - 39 02 6442 3190 
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Ron ftr ZBlchen des Anmotfen / 1 ipaoa tor appfcanft 
tt&tw* i Eioaefl (aaaM a la rtHrtM* du damand** 
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VQttmgcht J AumortuniM I Potwotn 
tet tels^agt/b enclosed /cHolnt 



tat re&UMaft umsr Numrasr/ hss bssn wgUtsred 
under No. / ■ m aittsgtm sou* to nP 



GENA 



ERFMDER / INVENTOR / lNVBiTEUR: 



I INVT20# # 



AnmsJdw 1st (alnd) aflehnlgsti) Erflnder / The appfltanlt*) I* (art) 
ttii wte toventQrfs,) f La(i) dftm»dsur^«) est (sent) It (1st) stuffs) 
tnvsntmirfs) 

ErSndtmsanunu tuf gsaondsrtsm SeWftstCe*: / Designation of 
Mvsntor fttsehed / Voir Is dMgnatfoo da rtwentsur cl-JflltTto 



BEZECHNUtfG DER ERF1HDUN0 / TITLE OF INVENTION / 
TTTRE DC LINVEHTtOM; 



I TIDE I TIEN I TIFR 



PRtOWTATSERWJlRUMG / DECLARATION OP PRIORITY i [ 
DECLARATION DE PRIORITE 



PRIO 



01 # 



02 # . • # • 



03 # 



04 » 



» • a 



Wsftere PrtoriunerUftrar^en) auf ZvratzUstt/ 
Additions) dectastonfc) oT priori^ on additional aheaW 
Aufrefs) d6dBia9on(B) de pftortte *ur feullla eddOcnreBe 



BIOLOGIfCHfiS MATERIAL 

Dto Erftodung oetrfflt btafegbches 
Matcto Oder »elns Vfcmendynfl, dro 
n&ch Reaal 28 Wnterteot warden at. 



BIOLOGICAL MATEJOAL 

The Invention n^itotndfor 
us^ bi9loBlC9l materiat deposed 
under Ride 20. 



KOM1 # 



I I I I I I 



0 



Dis Aflgi&sn nactiRsgsl 2S(i)c)slnd to dontwhntochen AnjBfJdungs- 
untsrtagsn andiaJtBii avf/Th* partkutua rehired to bi Ruts 28(1} (t) an 
given hi the torfmlaJ doctntnts I n tte application on / Left Imtnflons 
vistes a to regis 28(1) £) Rftii rent d tns its psscMtse&nKittssvdott 
dsraanas sis faux 



WVrdsn 9p0for mttjostBlIt /will be Submtttftd later/ 
aomnt comrountqufe* fdWtSufsmeOt 

Dis Empf»g0bt*cn*(ntflUft2(an) dsr Klrtertogungsattft ttt (atod) 
bataofOflt / TUs netipUa) of dspcstt issutd by tha dspMStiy mstttutton 
Is (uv) ■attest* / L*4«) rfceplsaats) ds depot d*Uvrt(s) psr rsutortts 
da tfdnflt fit (nnt) tf^ntjB) 

wtrd(werden)nBchgiretcftt/ wBl baflltd later/ 

sera HiTDBQ woduftft) ultWswwntfit 



Vfinlcftt auf die VerpfBGhhmg d*B Antrtfietallsra nocfi RegsJ 38(3) 
surgsvondoftsni ScftrtftsttcJt / Water of ths rtafttt© on undertaking 
Atom lea requester pumuant to Ruls 29.(3) atfacnad / Rafwnetatioa, 
but docweent distinct, I Psngsgsmsftt du ra&uarsnt feu tttre do Is 
regis 2*5) 



EPA/EP( 
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21 



22 



23 



24 



□ 



25 



2* 



27a 

28 



25553d. 



Nuran&r 
Number 



"AUTOPRQTECTED OPTICAL 
COMMUNICATION RING NETWORK" 



Steal/ Sials /EUt 



Anrnddc^a / RUng 
date; Dais da dlpot 



Aktenzdenen ^Application 
No./N ft dslaoemandft 



MATIEReeiOLOOIQUE 

LlnvenUon concerns ettou utfllss 
(a mature biolo^que, dipc»£« 
cantdnngnienl * la regie 23. 
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Raum tor ZaJdtm du A^d«^ / SosM In- sppftcanfB 
rsfsrancs / Esptos isaanis a to rtrtfanaa <l dsmvdsv 
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PaQi das btetogtacha ettteMI itteht vom Awnaidec, eondem von efrmm 
Drtttea Hntertegt vuttii: f VtftNTV the HoJoglcal material his bam 
depoalfcd by • pafBDn otter thin thi ippfcanb / Lgntojua ta rrtatiare 
blotogtatia 1 Att ddpdtea par una ptmoane bub? que ta dernindeuf: 

Emftchttaunoj nacA Ragel 2B^W) / AuthcrteiUon ivutar Rule 2S| 1)(d) / 
AutaitBitbfi an rtrtui da la rtffft W(W 

let baJgBfugt / la encteeed / d-Jointe 

wild nesrtgarelcMJwtnbe Ated later /*ere prpdutta mttriauncnaftt 



NUCLEOTaXJND AKmOSAURESEQUENZEM I NUCLEOTIDE 
AM) AMMO AOO SEQUENCES /SEQUENCES DE 
NUCLEOTIDES ET OXACIDS 



I SEQUD 



Dto ©eechielbimg anthaH aid Stmj«nipnotofcofl naeh Kegel STafl) / The 
deaaripUon contatea I taqutncaPatktg In accordance with Rule 27a{1) / 
La detcrtpBoft centient Bit* Bete da liqiMnoM aalon la regie 27bte(1) 

Oar var?eachriebene roajaMnenleabarn Dalirttrigdf fit betaefuft I 
ma prescribed machine readable data earner tt enctosad /La euppart 
da donnlM piwmdteWf&ibto par machtoe eat annexe 

Ea wtrd RJermlt erkUrt, daft die anf dam iMantriloar sttptteharta Morme- 
tlon mtt dam acfiftftOchen Seqaenzpjrotckau QbafatnillRuni (Ragel 2?e(2)) / 
it te hereby atated thai the lirformaticn weonladocthadaiacirrtiria 
identical ta tha wttttn eiquajtee Hating (Rula 37i(Q) JU ait dedai* par to 
prtsaftte qua rtnformitioa ftauunt eur te e upper* da donnaami aat 
Ids Atk|ua a call* qua contain la Date da Biqumuaa icrtte {regie 27Ua <3)) 
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8EMENNUMG DER VERTRAflS- 
STAATEN UNO ERKL&RUNGEN 



1, HlonrftwardBn sfrritte v*> 
tregmwtgn dot E FO ban ner*, 
dte tat Ebiish^tunb dteeer An- 
metdung dam EPu anaanom 

2. Der Anirttfder baab&JcfttlOt deraaft, 
BenonnunQBgebfihran ffQr dla 
PBGftfot(|gndH engaJor&uzter) Vbf- 
trpflgsteaten 2u antriohtsnc 



DESIGNATION OP TUB 
CONTRACTIUG STATES AMD 
ASSOCIATED DECLARATIONS 

1. All states which are Ccntracdng 
states to tha epc ai thaflQng 
ortAta appieatton are hereby 
designated. 

2. Tha appflcartcurmnaV Intend} 
to pay daalgnitfea tea ferthe 
States matted bejow wlm a croes: 



□ AT 

□ BE 

□ 



□EST 



CHflJ 



Oeterrelch / Austria / Atfrfcha 
BelQlBti I Bdgtum / Beltfque 

Sehwati tmd Uechtenatetn I Sa/ltEerlandand 
UachtenitBtn / SidMa at Uatfaanattln 



□ 


DE 


Deuueiumd i Germany / Atamagna 


□ 


DK 


D&nemarK / Dantrark / Danemark 


□ 


ES 


Spanien / 8pa|p / Bspeene 


□ 


Fl 


Ftrmland / Finland t FeVanda 




FR 


Fraftkielot) t Pmnce V Frana 


□ 


CY 


Cyprus 


□ 







b Kne t* r (mm Ibr Cattadfeg BUln femKah u d^Ctotan ufa 
Wm Mi bn hu btm pmM / M<u smdM EWi oamdati I 
i h 1&*m ism IWpmdw A irtwn m 



Ea ^baanaa^for^viterKr.2 
ntcht aftgeKreuzten Vbibooaetaatan 
van dar ZusseBuno von Mttciungen 
nach Regal 9Sa (1) mi Rogd n (1) 
abwaeherv 

tsl ain automatiterter Abbuehunsa- 
auftras artellWMden (FcW45), so 
beamraax bdAblauldarGnaid- 
naoh AiU 7a r» EPO Banerv 
PUngasabOhraft nyrto tfla untar 
Nr.2 anaatovuzten Vatraasstaatw 

BtJZUblldlBfL 



Bis myjSBtadthBl no oomirtunK 
cabona under Rula 6S& (1) §M RUta 
6D (1) bm tmSftad toooemiita the 
Ctttfitftrta suttt not marked wtui 
aereatunoarNr.t 

tf an automade datdtordar haa 

ted tttal wnan thai baste parted 
apeeMad !n Arfc ra®eapfre», 
dBBajnalkinfeaa ba dabUad only tor 
tn# Ccntnettng ftjitei manted wati 
bctob under Na2. 
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N3ift8 und Ansdfirtt dea Hbnerteseia/ KB^aiidaddrewof dwwter/ 
Nam at adraaaadudeposant; 



DESIGNATION OtiTATS CONTttAC* 
TANTS ST OEdARATMllS 
ACEPROPOS 

1. Sont daaienaataua tee Elate qui eont 
dai Etaia con tracts nti da ta CBE 
b la date du dapdtde ta preseato 
detnanda. 

1 UdarnandauraaprepBaBduellB- 
mentde payer das taxes da daaJgra- 
Son pour laa Etaia aothsfi o-desfidus: 



08 VarainVaa Koityetti / United Kingdom / Royaumo-Uni 

OR Grteenanland / Greece / Greea 

e (rtend/bdar^/trtande 

IT nafien / Italy / Itaaa 



□ 


08 


□ 


OR 




IE 


□ 


IT 


□ 


LU 


□ 


MC 


□ 


NL 


□ 


PT 


□ 


BE 


□ 




□ 





Hi Ktedartande / NetheriandB / Payt-Baa 
PT PorUifiSl / Portuoal / Portugal 
BE sehwadan / Sweden / Suede 



(PktxBiVMnBalJitu l ISrd*au EH) obA n "f*^ril "^f" Pfi*!^ 
MKMtn/SBntffDSftfsd&Qausii&rtMttliei EPCstnmoRna 

Uir H i tea fcn tm n (ife^J I P+Mfani dm tm* axiivtaiU > MpKd 
rtwmma liCBE HCTPt^CTurnrtunln>iiMlidu pnnrt tanikir^ 

PHera da rq pse ppoofider A Is s^nfft- 
caSon daa natifhafions pfiavues par \&6 
rtgtoa BfibU (1) at B9 p) pour tea EUifi 
obfttfaQlants rVayant pas ate cejchat 
an fwz 

SI un erdia da pftiavamant airhv 
matlqua 9 ate donna f/ubrlqua 43), 
prtanadana prthnwra Paxpiratteadaa 
delete da base tea qua daflala a rartwa 
Taaqua tea taxes da d&lgnafen pour 
tea Etati corttractartU oschia eu no.2, 
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varst Wedana Arandder fQr varscMadsns VartrtojMtaaten I 
Dlfforoit applicants fcr differs rrt Convicting Mas J 
Different* dsmsndsiifi pour different* Etats contraetantt 



|AFFR02#| | | | I I I l»l M 1 l I I I II I 



ERSTRECKUNG DE& 
EUROPA&CHEN PATENTS 

Diese AnmaJdung git ato Antrng, 
<fe evropdieche Patentenrrwtduna 
unddfiadaraurefttfeeuepaittfta 
Patent auralle NteMVertrapttiaatan 
das EPO zu ontradtan. mitdanan im 
rag Htm Elrveleftung , ErstrecKunfi> 
«tKomm»n* eestehen (DarzeicAija. 
nlan, Ulmjen, Lahland, Rumanian, 
Skttartian). Die EAbedtunp wlfd 
lessen mir vstrksam , wenn die vor- 
pesehrisbena ErstrecJcurtQccebGnr 
eftbiehtatwtnl 



EXTEN&ON OF THE 
EUROPEAN PATENT 

Thli ^|*«*twn k daemad b be 
a requeVtto extend Ite Eviopean 
patfi/W OppicBtian and ths European 
patent grantnd In respect of II to afi 
naft-cdrtrading 6tataa to the EPC 
*«h wnien "odawion memento' 
exist en the date en which the 
appfeation la filed (Present elaiatton; 
Albania, LUiuoriit Latvia, Romania, 
Slovenia). However, lite extension 

erty take* affl&ct tf me prnwrtoed 

fitfsfttiM foe is paid. 



EXPT 
iboJirftlrtfenacrt 



Dtr AnmeMsr beabslchtigt dersalt, dJt ErtlreckunstgabQhr fQr dtt nach- 
folgind enaetreuocten Stettin zu efttrtenten: / Toe applicant eurrenbV 
intends to piy dm extension tea tor ma state* marked below with 
a cross: /La daaundsur at prepett schtsflement ifttcquBtir li tan 
distension pour tes Etats dont te nom eatcocni eJ-eprtsj 



Utauen/Uthusnif /Uuanie 



Lettlfind/LaMa/Utonie 



Rumanian I Romania / RoumaniB 



Stowenlen / Stouenla i Sevente 



AL 
LT 
LV 
RO 
SI 



or ffiuun. iii cadi Dnatteom ana fbrh&mi _ 
?*m 4m ft* i r*#M <**«» <** 



ibMaattaQf 



Die Aitmstdung bjt tine Teflinraaklung / 

Tha application la ■ rftvlatooal TT^TTJTT^^^^^^^^ 

eppflcettonf J DRL9 I I I I t 

la presents dwnandt I 1 1 1 1 1 1 1 

constat! une demands I PANR 

dMslORDSlr* Ihmmmm 



I I t I If I IJ* 



Es hindeftaJca urn ebn Anmeldung nub Art. t 
Tha appflcatfon la aa Ait £1(1)$) . 
apnBcetiDn t La pntssnta darnanoa I DFtt. 9 

cenatftts urn demand* 1 

edonfartlcieUmb) 



I 1 LLLLL 

| EANR I | | | Mill* 



PtttaltaqffOeiw / dum / Mymocmm* 



L 



CLMS 



ZurVafenentDchung mit car 2m ammcrfw ung wtr<| vorpcKftlagen 
AbfaikkinaNr./WIUitfia BbBtrecm 1« prvpOMd to put iah I 

99inNo./BMtpn>poMa>puoSefi^Pil>r4g4 | PRAW(Z) 

USgwrtn' 



93 
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Namsfn) d«S (dftf) Aittoa!der(t) und benannte VerUassstaeteo / 
Natn&) of appfoanift and desturated Contacting States/ 
Nnmfe) du (daa) demandeun^) et des Etats contractints distytfia 



□ 

□ 

□ 
□ 

□ 
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35 



□ 



□ 
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EXTENSION OESEFFETS 
DU BREVET EUROPEAN 

La presents demtnde est raputat eon- 
stitucr une requen an ejdanslon oes 
effettde la demaneeee brevet eu<&- 
peen ttdu brevet ewc&ien dedvre tut 
b base de cette demands a tousles 
EtBtanonparfleaaip C9E»«Clesque(l 
HSkUtaun faeettdfeicsnfltttuaia 
date du d6poi dels demanda (sauaSon 
actueQe : Albante, Uruame, Lasonie, 
Roymerde. Slovenk). Teutefols rextarv 
sion ne produitaes etets ^uesU est 
BapittA la texe o^e^eriibn preterite. 



Nummer der froheien Mmelduna 
No* of earlier apptiestton 
Kiymero de b demanae Inmaie 



Kummar der Wheien Anmdduna 
Ne. of eartiar sppCcaCon 

Numem da la demanda initiate 



Zaftl 4er Paair«anspfOeh« 
Number of dtims 
Nomtired^ievendicgfons 



Fig 2 



Nummar/ Numbari Nume>0 
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Zuaittflehe Ab»cnrUt(wi) dar im auropUscfean Rachtrchflnbedebt 
angafffitrtaft tehrlftattteta win* fwartM) beartstf SAdd^sJcopyOesJof 
ft* docsmtntt cftad to tho Eunxmn (nan* report (*») raquastad / 
Prttra di foumlr or* (do*) copta(i) Bupplfin*rtt***M daa - 
ddcum*fttctt*i*u«terappi3rt«itr9cb«rthi flurtptinna I ASOC 



Eo wlrt dla Rfldcaratattung Oar fUchtrchengrtDhrgemU ArtlOGabO 
bMurtrtgt J RiFund cf tht SMTCh to !■ rtquwfrd purmunt to Articfe W of 

tna RutM rttetngto PvctiLe mnliounAmsnkdi la tax* da racharcha 
on damandd an wtu (to ruttda 10 du reatimtnt rami! aux torn 



Em Kopia daa RadtarehaiMfcnti ttt bafgatttat/ A copy of the 
report [9 attached / Una eopla du rapport 4a nehareha aat Jrinta 



aaach 



AUTOHAIISCHER AHBUCHUNGBAUFTRAG {fmrmOQlkh fa Mister von 
trim EPA gofQMw tetfBflCfe* Kortan} 
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AUTOPROTECTED OPTICAL COMMUNICATION RING NETWORK 

The present Invention relates to an autoproteded optical communication ring 
network, In particular a WDM (Wavelength Division Multiplexing} autoproteded 

5 optical communication ring network of the type including a plurality of nodes 
connected to each other in pairs by means of respective optical connections 
susceptible to failure, each connection comprising at least a first and a second 
optical carrier having opposite transmission directions. 

"Optical communication ring network" here means not only a communication 

10 network configured as a whole as a ring but, in general, any section of a network 
comprising a plurality of nodes and branches and arranged, at least temporarily, in a 
ring configuration. 

Specifically, the present invention tackles the problem of making a ring 
network with self-healing capabilities, Le. capabilities of managing failures which may 

1 5 arise in the connections between the network nodes. 

"Failure 11 here means any event which may affect the physical optical carriers 
(e.g. breakage or interruption of an optical fiber) and/or the devices of the network 
operating on the transmitted signals (e.g. receivers, demultiplexers, amplifiers, etc.), 
in such a way as to bring about a situation of degradation of the transmission which 

20 is deemed not tolerable; the term "failure" thus should in no way be interpreted as 
being limited only to events causing the complete Interruption of the connection. 

The state of the art includes many methods to optically protect a set of 
wavelength multiplexed optical channels carried by a two-fiber optica! ring network. 
European Patent Application No. 769859 in the name of the Applicant relates to 

25 a transparent optical self-healing-ring communication network In which at (east two 
nodes are optically connected along a first and a second dosed optical path having 
opposite transmission directions. Each node simultaneously feeds its transmitted 
signals to the first and the second closed optical path, so that the signals travel along 
complementary arcs of the ring. The receiving node selectively receives the signals 

30 from one of the two closed paths and, in case of failure on this closed path, switches 
reception on the other closed path. The Applicant observes that this Optical Channel 
Protection method, identifiable as a "Optical Channel 1+1 Dedicated Ring Protection" 
method, requires that, for each wavelength used on one closed path, the same 
wavelength cannot be used on the other closed path other than for protection. Thus, 

36 with N wavelengths, only N protected channels can be used In the network, 
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European Patent Application No. 97123013.1-2209 filed on 31/12/97 in the 
name of the Applicant relates to a method and an apparatus for transparent opbcal 
communication with two-fiber bidirectional ring with autoprotedion and management 
of low priority traffic. The communication network comprises two optical fibers (an 
external one and an internal one) that interconnect the nodes. According to the 
proposed technique. If a first and a second node of the network are considered for 
mutual signal transmission, a high-priority traffic can be set up on a first bidirectional 
communication path defined between the two nodes on the external and internal 
fibers, using only an arc of the communication ring defined between the two nodes. 
The arc complementary to that Just described can be used as a second bidirectional 
communication path between the two nodes for low-priority traffic, using the same 
wavelength as the preceding channel. The protection mechanism consist* of 
redirecting the high-priority traffic onto the second path in the case of a breakdown 
In or degradation of, communication on the first path, thus losing the low-priority 
15 traffic on the second path. This protection method is Identifiable as a "Optical 
Channel 1:1 Dedicated Ring Protection" method with management of Low-Priority 
traffic. The Applicant observes that, although this method provides a double capacity 
with respect to the previous technique, with N wavelengths » la still not possible to 

protect more than N channels. 
20 The article "A Transparent, All-Optical, Metropolitan Network Experiment in a 
Raid Environment The "PROMETEO" Self-Healing Ring", F. Arecoo et al., IEEE 
Journal of Lightwave Technology, vol.5, Dec 1897, describes a method to provide 
protection against failures In a metropolitan ring network. According to this method, a 
working fiber ring is used to carry all the optical channels between nodes, while a 
25 protection fiber ring is empty under normal operating conditions. In case of failure, a 
protection switching takes place at the nodes adjacent to the failure, which 
reconfigure in such a way to route all the optical channels (l.e. all the wavelengths of 
the multiplex section) through the protection fiber ring so as to bypass the failure. 
This protection method is known as "Optical Multiplex Section Protection" method. 
30 The Applicant observes that, once more, with N wavelengths it is possible to cany 
only N protected channels. Moreover, the Applicant further observes that, in this 
case, it is not possible to have different protection mechanisms <l.e protection at 
different layers) for different channels, and that the optical path after a protection 
reconfiguration can be longer than the ring circumference. 

U.S. Patent No. 5,647,035 in the name of CSELT - Centra Studi e Laboratori 
Teiecomunicazioni S.pA - provides a ring network communication structure on an 
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optica! carrier and a reconfigurable node for said structure. In said structure, a 
plurality of nodes are interconnected by means of connections comprising at least a 
first and a second optical carrier, such as an optical fiber. Transmission between two 
nodes occurs on the ring according to a WDM scheme, by utilizing a first wavelength 

S for communication in one direction on the first carrier and a second wavelength for 
communication in the opposite direction on the second carrier. The second 
wavelength on the first carrier and the first wavelength on the second carrier are 
reserved for protection (protection channels) and are "shared 1 ' among all the nodes. 
Under regular operation conditions of the network, in each node the signals 

10 conveyed by the two fibers are detected, processed as required In units of a higher 
hierarchical level, converted again In optical signals and re-transmitted towards the 
following node. In the presence of a failure on one of the connections, the nodes 
adjacent to the failed connection reconfigure themselves to ensure the continuation 
of communication on the alternative path provided by the ring, by utilizing the first 

1 5 wavelength on the second carrier and the second wavelength on the first carrier. The 
exemplary embodiment described referring to just two wavelengths X u can be 
generalized to any number of wavelengths with a corresponding expansion of the 
described connection; switching matrices of the nxn type may be used. 

The Applicant noticed that, In the ring network proposed in US 5,647,036, ff 

20 muttkwavelength signals have to be managed, since signal re-routing Is localized at 
the nodes adjacent to the failure, the protection operations have to be performed on 
the entire set of wavelengths of the multiplex section (as described for SDH in ITU-T 
Recommendation G-803 and G-841) and the reconfigured nodes must re-route all 
the working channels previously sent on the damaged ring segment to their 

25 respective protection channels running onto the complementary ring arc This 
technique is then identifiable as an "Optical Multiplex Section Shared Protection" 
technique. Thence, each node in the network must be equipped with the optical 
switching tools for the complete set of wavelengths in the ring, and a switch matrix is 
then needed with a complexity which increases considerably with Increasing the 

30 number of channels (e.g. if each channel carries 2.5 Gb/s and the system is adapted 
to transmit 16 channels, each matrix must be able to switch 16 x 2.5 Gb/s). It can be 
demonstrated that in this ease, the required optical switching blocks to protect a 
number of links between N and MN/2 (where N is the number of wavelengths and M 
the number of nodes) is always MM 

35 Furthermore, the Applicant observes that in the Optical Multiplex Section 
Shared Protection, since the failure control is performed at the multiplex section 
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level, a failure on a single optical channel (e.g. when a node transmitter Is damaged) 
can be either ignored or It can cause the reconfiguration of aB the traffic thus causing 
a temporary failure on all the other working channels. 

The Applicant further observes that, In case such a network Is reconfigured as a 

5 consequence of a failure, the protection path of a generic optical channel may be 
longer than the maximum ring circumference. This can occur when a generic 
bidirectional link is set up between two non-adjacent nodes In the network, as 
illustrated hi Figure 1a (where nodes A and D are involved). In case of failure the 
switching action Is performed by the two nodes adjacent to the failure 0-©- nodes B 

10 and C), as shown in Figure lb. Briefly, each channel of the bidirectional link travels 
along the working path from the source node to one of the reconfigured nodes where 
it is routed into the protection path. Then ft travels in opposite direction along all the 
ring network to the other reconfigured node where it is routed again on the working 
path end, finally, it reaches the destination node. This alternative optical channel path 

15 may have a length exceeding the ring circumference, reaching values of several 
hundred chilometers and then introducing low levels of S/N ratio and high levels of 
attenuation. In case of a transoceanic application, this protection solution may lead, 
due to loopbacks. to restoration transmission paths that would cross the ocean three 
times. 

20 To overcome this last problem, a different protection solution has been 
proposed, which is referred to as a "MS shared protection ring - transoceanic 
application" in the Annex A of the Telecommunication standard ITU-T 
Recommendation Q.841. In brief, a failure is detected at the two nodes adjacent to 
the failure at the SDH multiplex section layer and, subsequently, the nodes 

25 terminating failured links are informed of the failure situation and re-route the 
corresponding links on the complementary ring are path, as illustrated in Figure 1c. In 
other words. In case of failure, all the transmission links affected by the faOure are 
bridged at their source nodes onto the protection channels that travels away from the 
failure. When the affected links reach their final destination nodes, they are switched 

30 to their original drop point. Therefore, no loopbacks are established and there is no 
risk of having, In case of failure, restoration transmission paths crossing more times 
the ocean. 

The Applicant observed that, in this case, as in the protection solution of U.S. 
Patent No. 5,647,035, the faflure control is over the entire optical multiplex section 
35 and. therefore, a failure on a single optical channel may be either ignored or it can 
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cause the reconfiguration of all the traffic thus causing a temporary failure on all the 

other working channels. 

The Applicant further observes that a protection at the SDH layer requires a 
relatively complex electronic layout and can operate only at a predetermined bit rate. 

5 The Applicant proposes, with the present Invention, an improved type of shared 
protection technique, In which re-routing operations are performed only at the nodes 
which terminate affected links and only on the fallured channels, thuB avoiding the 
drawbacks related to re-routing operations on the multiplex section, and by using an 
optical reconflgurable connection mechanism which allows the omission of a SDH 

1 0 layer protection mechanism. Moreover, the failure control is performed at the channel 
level instead of at the multiplex section level, thus avoiding the above mentioned 
drawbacks. 

In the proposed network, the nodes communicate in pairs defining bidirectional 
links, and, under normal conditions, are optically configured so as to exchange 

15 signals on a respective working arc path at a respective first wavelength on a first 
carrier of the network and at a respective second wavelength on a second carrier of 
the network; in the complementary arc, the same wavelengths may be used in the 
same manner to define other links, while the first wavelength on the second carrier 
and the second wavelength on the first carrier 8re reserved for protection and are 

20 used in case of failure affecting one of said links. Each node of the proposed network 
Is provided with a pair of OADM (Optical Add/Drop Multiplexers) for extracting from, 
and inserting in, the optical multiplex section, only the channels which the node is 
adapted to operate on. All the remaining channels are passed-through. Each node is 
further provided with a receiving/transmitting module for each pair of wavelengths 

25 defining a transmission link, said module optically connecting, in a selective way, the 
OADMs to optical transmitters and receivers operating at said wavelengths. Each 
receiving/transmitting module performs failure control and re-routing operations on 
the two corresponding wavelengths. Consequently, in case of failure, if one of the 
links managed by this node is failed, the corresponding leceMngrtransmltting 

30 module, after detecting the failure by checking the channels status, is reconfigured in 
order to optically re-route the transmission on the complementary portion of the ring. 
The same operation Is performed by the node at the other end of the failed link. 
Therefore, only the nodes managing affected links are optically reconfigured and only 
the fallured channels (Instead of the global multiplex section) are re-routed. 
35 The protection technique of the Invention provides the following advantages: 

- By operating protection at the channel level, It Is possible to provide optical 
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protection to a selected subset of optical channels and leave to other layers (e.g. 
SDH) or to other optical protection mechanisms the protection of the remaining 
channels. 

- Using an optical re-routing technique, it is possible to omit the SDH protection 
S layer, thus simplifying the node structure and allowing a direct connection to the ting 

network for clients using different protocols (possibly unprotected) like ATM, IP. etc. 
The proposed protection technique Ib therefore compatible with every client 

electronic transmission protocol. 

• The receiving/transmitting module in the protection scheme of the invention 
10 includes an optical switching unit which, differently from SDH switching layouts, can 
operate at different bft rates (for example 155 Mbltfe, 622 Mbltfe. 2,5 Gbit/s. 10 
Gbit/s) 

- The protection technique of the invention allows a client to client protection, 
since a failure is detectable even if it affects a single channel, while generally the 

15 prior art techniques allow only global Mure detection on the multiplexed flux (by 
using threshold photodiodes). 

- The number of switching blocks Is always two times the number of protected 
channels fi e. between 2N and MN, where N Is the number of wavelengths and M the 
number of nodes) thuB giving an advantage, with mixed traffic patterns, over the 

20 Optical Multiplex Section Shared Protection schema proposed in US 5,647,035. For 
example, with a typical 8 nodes, 32 wavelengths optical ring network (M=8, N=32), 
the required number of switching blocks for said Optical Multiplex Section Shared 
Protection schema Is always 256, while by using the Optical Channel Shared 
Protection schema of the invention the required number of switching blocks varies 

25 between 64 On case of "hub traffic", i.e. one node communicating with all the other 
nodes) and 256 (In case of "uniform traffic", l.e. one node communicating only with its 

two adjacent nodes). 

- Since the reconfiguration takes place at the channel level Instead of at the 
multiplex section level as in US 5,647,035. it is no more needed to provide each node 

30 with a switching equipment to perform protection on all the network channels (in 
particular H is then not necessary to use complex switch matrix as in the Optical 
Multiplex Section Shared Protection scheme). 

- Differently from the Optical Multiplex Section Shared Protection scheme 
proposed in US 5.647,036, the complexity of the node switching structure depends 

35 only on the number of links managed by the nodes and does not depend on the 
number of wavelengths in the network. 
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- Differently from the Optical Multiplex Section Shared Protection scheme 
proposed In US 5,847,035, switching operations are performed externally to the 
network, and then no transitories are present. In particular, switching of the single 
channel is performed, as described below, between the receiving and the 

5 transmitting transponders and, therefore, the multiplexed optical flux conditions at the 
Input of the node amplifier are substantially unchanged and then sudden power 
variations inside the network are avoided. 

According to a first aspect, the present Invention relates to an autoprotected 
optical communication ring network, including a first and a second optical carrier 

10 having opposite transmission directions and a plurality of optically reconfigurable 
nodes optically connected along the first and the second optical carrier and adapted 
to communicate In pairs by means of respective links susceptible of failure, the ring 
network having a normal operative condition in which the nodes of each pair are 
optically configured so as to exchange optical signals on a respective working arc 

15 path at a respective first wavelength on the first carrier and at a respective second 
wavelength different from said first wavelength on the second carrier, said respective 
working path having a complementary arc path defining a respective protection arc 
path in which the first wavelength on the first carrier and the second wavelength on 
the second carrier can be used for further links and the first wavelength on the 

20 second carrier and the second wavelength on the first carrier are reserved for 
protection, characterized In that the ring network has a failure operative condition In 
which the nodes terminating a failured link are optically reconfigured so as to 
exchange optical aignals on the respective protection arc path at the respective 
second wavelength on the first carrier and at the respective first wavelength on the 

25 second carrier. 

Preferably, each of said plurality of reconfigurable nodes is adapted to 
manage a predetermined subset of wavelengths within a set of transmission 
wavelengths and Includes a first and a second optical add/drop multiplexer serially 
connected to said first and, respectively, second carrier to feed/extract said subset of 

30 wavelengths to/from said first and, respectively, second carrier, and to pass-through 
the remaining wavelengths of the set of transmission wavelengths. 

Each of said plurality of reconfigurable nodes preferably includes at least an 
optical transmitter, at least an optical receiver and a reconfigurable optical switch unit 
selectively coupling said optical transmitter and said receiver to said first and second 

35 carriers. 

Each of said plurality of reconfigurable nodes may include information 
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insertion devices selectively optically connectable to said at least an optical 
transmitter and adapted to insert signalling information into the optical signals and 
information extraction devices selectively optically connectable to said at least an 
optical receiver and adapted to extract signalling Information from the optical signals. 
5 Said information insertion devices and said information extraction devices 

may include optical transponders optically coupling said optical switch unit to said 
first and second carrier and adapted to change the signals wavelengths. 

According to a second aspect, the present invention relates to a method to 
autoprotect an optical ring network, said ring network including a first and a second 
10 optical carrier having opposite transmission directions and a plurality of nodes 
optically connected along the first and the second optical carrier and adapted to 
communicate in pairs in order to define bidirectional links, each pair including a first 
and a second link termination node adapted to mutually communicate at respective 
first and second wavelengths, the method including: 
15 - exchanging signals between the first and the second Bnk termination node of 
each pair on a respective working arc path of said ring network by using the 
respective first wavelength on the first carrier and the respective second 
wavelength on the second carrier said respective working path having a 
complementary arc path defining a respective protection arc path in which the 
20 first wavelength on the first carrier and the second wavelength on the second 
carrier can be used for further Dnks and the first wavelength on the second carrier 
and the second wavelength on the first carrier are reserved for protection; 
- checking if a failure Is present In the ring network producing at least a failured 
link; and 

25 - optically reconfiguring, in the presence of a failure, the link terminating nodes of 
said at least a failured link so that they exchange signals on the respective 
protection are path by using the respective first wavelength on the second carrier 
and the respective first wavelength on the second carrier. 
Preferably, each node of said plurality of nodes is adapted to manage a 
30 predetermined subset of wavelengths within a set of transmission wavelengths 
carried by the first and the second carrier, said step of exchanging Including optically 
separating, at each node of said plurality of nodes, each wavelength of the 
respective subset of wavelengths from the set of transmission wavelengths. 

The step of checking may include verifying, in each node of said plurality of 
35 nodes and for each wavelength of the respective set of wavelengths, if signals are 
received. 
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The step of checking may include verifying, in each node of said plurality of 
nodes and for each wavelength of the respective set of wavelengths, If signals are 
received degraded. 

The step of checking may include verifying, In each node of said plurality of 
5 nodes and for each wavelength of the respective set of wavelengths, if signals 

include a failure message. 

The method may further include transmitting a failure message from a first link 
termination node of a pair to a second link termination node of the same pair if a 
signal transmitted from the second link termination node to the first link termination 
10 node Is not received, or is received degraded, by the first link termination node. 

Advantageously, the step of reconfiguring Includes switching optical 
connections which selectively couple at least an optical transmitter and an optical 
receiver to said first and second carrier. 

Preferably, the step of exchanging Includes feeding at each of said plurality of 
15 nodes the corresponding subset of wavelengths to said first and. respectively, 
second carrier. 

The step of exchanging signals may include the following steps executed In the 

first link termination node of a pair 

- generating an optical signal carrying an Information; 
20 • converting the optical signal in a electrical signal; 

- adding to the electrical signal further information; 

- reconverting the electrical Bignal In an optical signal provided with a 
predetermined wavelength adapted for transmission; and 

. feeding the optical signal at the predetermined wavelength to either the first or 

25 the second carrier; 

and the following steps executed in the second link termination node of the same 

pair 

- receiving the optical signal at the predetermined wavelength from either the first 
or the second carrier; 

30 . converting the optical signal at the predetermined wavelength In an electrical 
signal; 

- extracting from the electrical signal the further information; 

- . reconverting the electrical signal In an optical signal with a wavelength adapted 
for reception; and 

35 . receiving the optical signal with the wavelength adapted for reception. 

According to a further aspect, the present Invention relates to a 
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reconfigurabte node for an autoprotected optical communication ring network, 
comprising a recerving/transmittlrvg module including: 

- an optical transmitter to generate a signal Including Information to be transmitted 
in the network; 

5 - an optical receiver to receive a signal including Information transmitted in the 
network; 

- a first transmitting transponder for optically coupling to a first carrier of the 
network and adapted to modulate a signal at a first wavelength; 

- a second transmitting transponder for optically coupling to the first carrier and 
10 adapted to modulate a signal at a second wavelength; 

- a third transmitting transponder for optically coupling to a second carrier of the 
network and adapted to modulate a signal at the first wavelength; 

- a first receiving transponder for optically coupling to the first carrier and adapted 
to demodulate a signal having the first wavelength; 

15 - a second receiving transponder for optically coupling to the first carrier and 
adapted to demodulate a signal having the second wavelength; 
. a third receiving transponder for optically coupling to the second carrier and 
adapted to demodulate a signal having the second wavelength; 

- reconfigurable optical connections to selectively connect 

20 • the optical transmitter either to the first transmitting transponder or to the 
third transmitting transponder; 

• the first receiving transponder to the third transmitting transponder; 

• the second receiving transponder to the optical receiver and 

• the third receiving transponder either to the optical receiver or to the second 
25 transmitting transponder. 

The receiving/transmitting module may further include: 

- a further optical transmitter to generate a signal including information to be 

transmitted in the network; 

- a further optical receiver to receive a signal Including information transmitted in 

30 the network; 

. a fourth transmitting transponder optically coupled to the second carrier and 

adapted to modulate a signal at the second wavelength; and 
. a fourth receiving transponder optically coupled to the first carrier and adapted to 
demodulate a signal having the first wavelength; 
3$ said reconfigurable optical connections selectively connecting: 

• the first receiving transponder either to the third transmitting transponder or 
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to the further receiver, 
• the fourth receiving transponder to the further receiver; and 
. the further optical transmitter either to the second transmitting transponder 
or to the fourth transmitting transponder. 
5 Preferably, ihe node is adapted to manage a predetermined set of 

wavelengths within a set of transmission wavelengths including a first and a second 
optical add/drop multiplexer optically coupling the receiving/transmitting module to 
said first and, respectively, second carrier to feed/extract said subset of wavelengths 
to/from said first and, respectively, second carrier, and to pass-through the remaining 
1 o wavelengths of the set of transmission wavelengths. 

The reconfigurable optical connections may Include 2x2 switches or, 

alternatively, 1x2 and 2x1 switches. 

The reconfigurable optical connections may include discrete switching 

components or, alternatively, an integrated switching matrix. 
15 The reconfigurable optical connections may include optical switching 

components selectable in the group including: 

- opto-mechanlcal switches: 
. thermo-opticaJ switches; 

. magneto-optical switches; 

20 - liquid crystal switches; 

• semiconductor switches; 

■ electro-optical switches; 

. micro-mechanical switches; and 

- lithium nlobate integrated circuit switches 

25 The reconfigurable node preferably includes a control processing unit 

operatively connected to said receiving transponders and said transmitting 
transponders. 

The reconfigurable node may includes at least a further receivmg/transmlttlng 
module which has substantially the same structure of said receMng/transmitting 
30 module and is adapted to operate with a different pair of wavelengths with respect to 
said receiving/transmitting module. 

More details will become apparent from the following description, with 

reference to the accompanying drawings, in which: 

Figures 1a, 1b, 1c show a network ring of a known type under normal 
35 condition, failure condition with a multiplex section shared protection and failure 
condition with a multiplex section shared protection -transoceanic application. 



PCB11 12 

Figure 2 is a schematic representation of an optical communication network 
according to the present Invention, operating under normal conditions and in which, 
by way of example, two transmission Onks are defined; 

Figure 3 is a more detailed representation of one node of the network of Figure 
5 2, including a switching unit comprising 2x2 switches and operating under normal 
conditions; 

Figure 4 shows a switching unit comprising 1x2 and 2x1 switches used in the 

network of Figure 2 in place of the switching unit comprising 2x2 switches, operating 

under normal conditions; 
10 Figure 5 shows a switching unit comprising an integrated switching circuit used 

in the network of Figure 2 In place of the switching unit comprising 2x2 switches, 

operating under normal conditions; 

Figure 6 illustrates a sub-equipped node for the network of Figure 2, adapted 

to manage only one transmission link and including 2x2 switches; 
15 Figure 7 shows a switching unit comprising 1x2 and 2x1 switches used in the 

network of Figure 6 in place of the switching unit comprising 2x2 switches, under 

normal operative conditions; 

Figure 8 shows a switching unit comprising an integrated switching circuit used 
in the network of Figure G in plaoe of the switching unit comprising 2x2 switches, 
20 under normal operative conditions; 

Figure 9 illustrates the network of Figure 2 under a failure condition; 

Figure 10 shows the reconfiguration of the node of Figure 3 when a failure 
occurs on its left-hand side; 

Figure 1 1 shows the reconfiguration of the switching unit of Figure 4 when a 
25 failure occurs oil the left-hand side of the node; 

Figure 12 shows the reconfiguration of the switching unit of Figure 5 when a 
failure occurs on the left-hand side of the node; 

Figure 13 shows the reconfiguration of the node of Figure 3 when a failure 

occurs on its right-hand side; 
30 Figure 14 shows the reconfiguration of the switching unit of Figure 4 when a 

failure occurs on the right-hand side of the node; and 

Figure 15 shows the reconfiguration of the switching unit of Figure 5 when a 
failure occurs on the right-hand side of the node. 

Schematically shown in Figure 2 is an optical communication ring network 1 
35 according to the present invention. Network 1 includes a first and a second optical 
fibre ring 2, 3 defining respective optical carriers having opposite transmission 
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directions, and a plurality of nodes 20a-2Df for adding and dropping optical signals, 
positioned along the first and the second ring 2, 3. 

Network 1 Is adapted to be used for both terrestrial transmissions and 
transoceanic transmissions. For long-haul transmissions, In particular for 
5 transoceanic transmissions, network 1 is preferably provided with line optical 
amplifiers and/or boosters and/or preamplifiers (not shown). 

In the schematic representation of Figure 2, rings 2, 3 define an external and, 
respectively, an Internal ring, having a counter-clockwise transmission direction and, 
respectively, a clockwise transmission direction. The nodes in network 1 have been 

10 chosen in number of six Just by way of example and the present invention is 
identically applicable to networks including any number of nodes. Furthermore, the 
reference to connections comprising two optical fibers Is to be considered merely as 
an example, the solution according to the invention being also suitable for utilization 
in ring networks In which the nodes are connected by a greater number of optical 

15 carriers. 

p Communication In network 1 1s achieved according to a Wavelength Division 
Multiplexing (WDM) scheme using different channels at respective wavelengths on 
each ring. In particular, rings 2, 3 are adapted to convey optical signals in the 
transmission channels defined by a set of transmission wavelengths ^, l H 

20 within a predetermined wavelength transmission band. 

Each of the nodes 20a-20f Is adapted to manage a respective subset of 
wavelengths within the set of transmission wavelengths X h A*, .., 1h and to define 
bidirectional communications with one or more of the other nodes of network 1. Each 
pair of nodes arranged to mutually communicate splits network 1 into two 

25 complementary arc paths, at least one of which (identifiable as a 'Working path") 
allows bidirectional transmission between the two nodes under normal operative 
conditions (i.e. without failures), and the other (identifiable as a "protection path 11 ) 
allows to re-route such bidirectional transmission in the presence of a failure in the 
working path. 

30 In greater detail, a generic pair of nodes arranged to mutually communicate 
has associated respective first and second wavelengths A* X? for the exchange of 
data. Under normal operative conditions, on the working path defined by the 
considered pair of nodes, a bi-directional working link is established by transmitting 
optical signals at the first wavelength ft, on the external ring 2 (In the counter- 

35 clockwise direction) and at the second wavelength ^ on the internal ring 3 (in the 
clockwise direction). The second wavelength \ is not used on the external ring 2 and 
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the first wavelength X* is not used on the Internal ring 3. The second wavelength Xy 
and the first wavelength X* can then be used on the external ring 2 and, respectively, 
on the Internal ring 3, to provide optica! protection, as herelnbelow described. For aim 
of clarity, the wavelengths which are used under normal operative conditions (La. 

6 on the estemal ring 2 and Xy on the internal ring 3) to perform working links are 
identified with a V 1 suffix (X**, M< v* 1 ' 6 fte wavelengths which are adapted to be 
used for protection (i.e. X, on the estemal ring 2 and X« on the internal ring 3) are 
identified with a "p" suffix (^ p , X^,). 

The first and the second wavelength X* Xy can be used on the protection path 

10 associated to the considered pair of nodes to perform a further bidirectional working 
link between the first and the second node or to perform further bidirectional working 
links between other pairs of nodes (which may include one of the previously 
considered nodes), provided that those further working links do not overlap with each 
other and with the above considered one. Then, a generic pair of wavelengths X* Xy 

15 defines a "logical ring", i.e. a virtual ring which may include many non-overlapping 
working links operating at a*» Protection wavelengths X^, X^, not used under 
normal operative conditions, are shared among the different working links operating 
at Xy, w (I.e. on the same logical ring). Overlapping working links can only be part 
of different logical rings and operate at different wavelengths. 

20 The number of working links In a single logic ring depends on the client traffic 

pattern. For example with M nodes and N wavelengths (N even), in case of "hub 
traffic" (La. one node communicating with all the other nodes) a maximum of N 
protected working links can be established because each logical ring can support 
only two working links, while in case of "uniform traffic' 1 (i.e. each node 

25 communicating only with its two acflacent) a maximum of MN/2 protected working 
links are available because each logical ring (La. each pair of wavelengths) can 
support M working links. 

In the example of Figure 2, one working link is set up between node 20c and 
node 20f using the first working wavelength X* w on the external ring 2 and the 

30 second working wavelength Xy |W on the internal ring 3. Another working link is set up 
with the same wavelengths (and directions of propagation on the two rings 2, 3) 
between node 20d and node 20e. In this example, it is also possible to use the same 
wavelengths to set up a working link between node 20c and node 20d and between 
node 20e and node 20f, but it is not possible for example to set up a working link 

35 between node 20b and node 20e because it will overlap with the ring arcs already 
used by the previous links. 
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As later described In greater detail, each of nodes 20a-20f provides optical 
add/drop/bypass functions for each wavelength within the wavelength transmission 
band on both the external and Internal fiber rings 2, 3, together with optical 
amplification and regeneration (if necessary). 
5 Figure 3 shows the structure of a generic node 20I of network V in particular of 

one node operating at wavelengths K and Xy. 

Node 20i Includes a first and a second optical add/drop multiplexer (OADM) 4, 
5 and a receiving/transmitting module 6 comprising: 

- a first and a second transmitter Tx, , Txa; 
10 - a first and a second receiver Rx i( R^; 

- a first, a second, a third and a fourth transmitting transponder TxT^, TxT,{\y), 
TxT 2 (U T*T 2 (^>; 

• a first, a second, a third and a fourth receiving transponder RxT,^}, RxT,(X y ) t 
RxT 2 (U RxW; 

15 - a switch unit 15; and 

• a central processing unit (CPU) 16. 

The first and the second OADM 4, 5 are adapted to Insert Into rings 2, 3, and to 
extract from rings 2, 3, signals at the working and protection wavelengths associated 
to node 20i (i.e. and Ay) and to by-pass the other wavelengths of the set of 

20 transmission wavelengths. If required, OADMs 4, 5 may perform other functions 
within the wavelength transmission band, such as regeneration, performance 
monitoring, etc. In greater detail, the first OADM 4 is coupled to the fiber of the 
external ring 2 for dropping signals from, and adding signals into, the external ring 2, 
and the second OADM 5 is coupled to the fiber of the internal ring 3 for dropping 

25 signals from, and adding signals into, the internal ring 3. OADMs 4 and 5 may be, for 
example, of the type Pirelli Optical Systems OADM/P4-R1 (WaveMux8400 product 
family). 

Transmitters Tx 1( Tx 2 and receivers Rxi, Rxz represent the client access points 
for the input and the output of information. In particular, transmitters Tx 1( Tx 2 allows 

30 the input of information addressed to two different receivers connected to network 1 . 
The input of information by transmitters Tx h T)fe may be performed at wavelengths 
not Included in the transmission wavelength band of network 1, since the transmitting . 
transponders TxTs are in charge to provide the signals with the correct wavelength, 
i.e. with the first wavelength A« or the second wavelength Jty. Txi, Txa may be, for 

35 example, for example a standard Sonet OC-48/SDH 5TM-16 terminal (produced for 
example by Nortel). Different bit rate terminals can be used provided that the 
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transmitting transponders are compatible. 

Receivers Rxi, Rx* allow the output of information coming from two different 
transmitters connected to network 1. Receivers Rxi, Rx 2 may be adapted to receive 
signals at wavelengths not included in the transmission wavelength band of network 
5 1, since receiving transponders RxTs are in charge to provide the signals coming 
from the network 1 with a wavelength adapted for reception receivers Rxi, Rx* Rxi, 
R*a may be, for example, a standard Sonet OCMS/SDH STM-16 terminal (produced 
for example by Nortel). Different bit rate terminals can be used provided that the 
receiving transponders are compatible. 

10 The First and the second transmitting transponder TxT,(^) t TxT^Xy) are 
optically coupled to the external ring 2 by means of the first OADM 4 and are 
adapted to feed signals at wavelength X, and, respectively, ^, to the external ring 2; 
the third and the fourth transmitting transponder TxT 2 (^), TxTj(Xy) are optically 
coupled to the internal ring 3 by means of the second OADM 5 and are adapted to 

1 5 feed signals at wavelength X, and, respectively, V to the internal ring 3. 

In detail, each transmitting transponder TxT^AJ, TxT^Xy), TxT 2 (a*), TxT 2 (Xy) 
may be of a type adapted to receive an optical signal from switch unit 15, to 
transform it into electrical format for processing and to newly transform It into optical 
format for transmission, with a predetermined wavelength within the wavelength 

20 band. Transmitting transponders of this type are, for example, Pirelli Optical Systems 
WCM/F-xxx (WaveMuxS400 product family, xxx = output wavelength code). 
Alternatively, the transmitting transponder may be completely optical devices (for 
example based on SOAs, Semiconductor Optical Amplifiers) managing information 
associated to the signal, for example managing a pilot tone over-modulating the 

25 optical wavelength carrying the signal. 

Processing, in this case, includes providing the transmitted signals with 
information for protection purposes (e.g. channel identifier, performance monitoring, 
protection protocol) aa a channel overhead. This information Is not part of the client 
payload and are added to the signal by the transmitting transponders under the 

30 supervision of the CPU. For example the Pirelli Optical Systems WCM/F-xxx unit is 
able to add an overhead channel to the client payload to transport the signalling 
information. A similar technique, but operating at the multiplex section level, is used 
in the Sonet/SDH protocol at the transmitting side (e.g. channel overhead, multiplex 
section overhead with B1 monitor byte and K1/K2 APS bytes). 

35 The first and the second receiving transponder RxT^X*), RxT^jg are optically 

coupled to the external ring 2 by means of the first OADM 4 and are adapted to 
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receive signals at wavelength K and, respectively, k/ t the third and the fourth 
receiving transponder FWTatU RxT 2 (Xy) are optically coupled to the internal ring 3 by 
means of the second OADM 5 and are adapted to receive signals at wavelength >* 
and, respectively, X? 

5 In detail, each receiving transponder RxTi(**), RxTi(Xy), RxT 2 (J*), RrfW m8y 

be of the type adapted to receive an optical signal from rings 2, 3, to transform it into 
elBdrical format for processing and to newly transform it into optical format, with a 
predetermined wavelength adapted for reception by a corresponding receiver R*i, 
Rxa. Receiving transponders of this type are f for example, Pirelli Optical Systems 

10 RXT-DM/F (WavaMux6400 product family). Alternatively, the receiving transponders, 
like the transmitting transponders, may be completely optical devices (for example 
based on SOAs, Semiconductor Optical Amplifiers) managing Information associated 
to the signal, for example to a pilot tone over-modulating the optical wavelength 
carrying the signal. 

15 Processing, In this case, includes extracting from the received signals the 

information previously Inserted as channel overhead by the corespontfng TXT at the 
transmitting node for protection purposes {e.g. channel Identifier, performance 
monitoring, protection protocol). For example the PirelU Optical Systems RXT-OM/F 
unit is able to extract an overhead channel from the received signal to process the 

20 signalling information. A similar technique, but operating at the multiplex section 
level, Is used In the Sonet/SDH protocol at the receiving side (e.g. channel overhead, 
multiplex section overhead with B1 monitor byte and K1/K2 APS bytes). 

CPU 19 Is in chaise to communicate with the transmitting and receiving 
transponders TxTs, RxTs in order to provide or to process the information related to 

25 the working links (link signalling), to check the operative conditions of the related 
working links and to control switch unit 15 in accordance to the detected operative 
conditions. Link signalling must Include channel Identification Information which can 
be implemented for example either by means of a pilot tone over-modulating the 
optical wavelength carrying the signal or by using a TDM (Time Division Multiplexing) 

30 frame structure including the signal channels together with an extra channel for link 
signalling transmission. Logical connections between CPU 16 and its controlled units 
are represented in Figure 3 by means of dashed lines. 

Switch unit 15 is adapted to provide the optical switching facilities implementing 
the protection layout as disclosed In this Invention, by selectively connecting 

35 transmitters Txs and receivers Rxs to transmitting transponders TxTs and receiving 
transponders RxTs. As shown In Figure 3, switch unit 15 may comprise a first, a 
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second, a third and a fourth 2x2 optical switch 22-25 driven by CPU 16 through 
appropriate control logics (not shown). Opfical switches 22-25 may be, for example, 
2x2 optomechanical switches (e.g, of the type produced by JDS FITEL, INC., 570 
Heston Drive. Nepean, Ontario (CA) or of the type produced by E-TEK DYNAMICS, 
5 INC., 1B85 Lundy Ave., San Jose, CA (USA)). Optical switches 22-25 are connected 
as follows: 

- the first switch 22 has a first input 22a coupled to the first transmitter Tx 1( a 
second input 22b, a first output 22c coupled to the first transmitting transponder 
TxTi(>*) and a second output 22d coupled to the third transmitting transponder 

10 TxT a (U 

- the second switch 23 haa a first input 23a coupled to the fourth receiving 
transponder RxT 2 (^), a second input 23b coupled to the second receiving 
transponder RxT^Xy), a first output 23c coupled to the first receiver Rxi and a 
second output 23d; 

16 - the third switch 24 has a firet input 24a coupled to the second output 23d of the 
second switch 23, a second Input 24b coupled to the second transmitter Txa, a 
first output 24c coupled to the second transmitting transponder TkT^) and a 
second output 24d coupled to the fourth transmitting transponder TxT 2 (^); and 

- the fourth switch 25 has a first input 25a coupled to the third receiving 
20 transponder RxT 2 (A*), a second input 25b coupled to the first receiving 

transponder RxT^U a first output 25c coupled to the second Input 22b of the 
first switch 22 and a second output 25d coupled to the second receiver Rx* 
Each switch 22-25 can operate in a bypass status (typically used under normal 
conditions), In Which the first Input is coupled to the first output and the second input 
25 is coupled to the second output, or in a switched status (typically used in case of 
failure), in which the firet Input Is coupled to the second output and the second input 
is coupled to the first output. 

The architecture of Figure 3 is modular and can be applied for each logical ring 
In which the node acts as a link termination. In other words, node 20I may include a 
30 plurality of modules 6, each for managing a different pair of wavelength. In this case, 
the wavelengths assigned to each logical ring are separately added/dropped by the 
two OADMs 4, 5 and processed separately by a corresponding module 6. 

It has to be noted that the functional layout of the node described above can be 
physically implemented in different ways, for example integrating the CPU 16 or the 
35 transponders 6-13 inside the switch unit 15. 

Swich unit 15 Is over-dimensioned for the switching requirements of node 20i 
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and ft defines, in case of failure, some interconnexions which are not operatlvely 
used. For example, while the first receiving transponder RxTW is connected to the 
second receiver Rx 2 under normal operative conditions, no connection ts needed for 
the first receiving transponder RxT,(^ In case of failure on the external ring 2 on the 

5 right-hand side of node 20i (since no signal is received from this side). Taking into 
consideration this over-dimensioning of the switch unB functionality, it is possible to 
use, in plBce of the 2x2 switch type unit, other unit architectures which allow to 
optimize the number of interconnections in relation to the functional requirements. 
The interconnection requirements in node 20! under both normal and failure 

to conditions (i.e. for working and protection) la summarized In the following table: 
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Figure 4 shows a switch unit 15' including 1x2 and 2x1 optomechanical 
15 switches, to be used In place of switch unit 15. Switch unit 15' Implements the 
required interconnection functionality and can be, for example, of the type produced 
by J08 FUEL, INC., 570 Heston Drive, Nepean, Ontario (CA) or of the type 
produced by E-TEK DYNAMICS. INC., 1885 Lundy Ave., San Jose, CA (USA). In 
Figure 4, for reason of clarity, the input connections and the output connections of 
20 switch unit 15' are grouped on the left side and, respectively, on the right side of 
switch unit 15V In detail, switch unit 15' include: 

- a first switch 31 of the 1x2 type, having its Input coupled to the first transmitter 
Txi and its first output coupled to the first transmitting transponder TxTUXJ; 

. a second switch 32 of the 2x1 type, having its first input coupled to the second 
25 output of the first switch 31 and its output coupled to the third transmitting 

transponder TxT 2 (AJ; 

- a third switch 33 of the 1x2 type, having its input coupled to the third receiving 
transponder RxTjfo) and Kb first output coupled to the second input of the 
second switch 32; 

30 - a fourth switch 34 of the 2x1 type, having its first input coupled to the second 
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output of the third switch 33, its second input coupled to the first receiving 
transponder RxTi(X*) and its output coupled to the second receiver Rx* 

- a fifth switch 35 of the 2x1 type, having its first input coupled to the fourth 
receiving transponder RtfTj(Ay) and its output coupled to the first receiver Rx t ; 

5 - a sixth switch 38 of the 1 x2 type, having its input coupled to the second receiving 
transponder RxT,(jg and a first output coupled to the second input of the fifth 
switch 35; 

- a seventh switch 37 of the 2x1 type, having its first Input coupled to the second 
output of the sixth switch 36 and its output coupled to the second transmitting 

1 0 transponder TxTi(Xy); and 

- an eighth switch 36 of the 1x2 type, having its input coupled to the second 
transmitter Tx 2 , its first output coupled to the second Input of the seventh switch 
37 and its second output coupled to the fourth transmitting transponder TxT 2 (^). 

In Figure 4, connections which are operative under normal conditions are 
16 shown with a continuous line, while connections which are not used under normal 
condition are represented with a dashed One. 

In a further possible embodiment shown in Figure 6, the switch unit, here 
Indicated with 15", Includes a lithium niobate (UNbQg) integrated switching matrix, in 
which interconnections among input and outputs reproduce the layout of the switch 
20 unit 15' of Figure 4. In particular, switch unit 15" includes four 1x2 switches each 
comprising: 

• an input waveguide, 

- a Y-shaped branching waveguide having one input arm connected to Input 
waveguide and having two output arms, and 

25 - a first and a second output waveguides each connected to one of the output 
arms of the branching waveguide* 
and four 2x1 switches each comprising: 

- a first and a second input waveguide, 

- a Y-shaped branching waveguide having two input arms connected to the Input 
30 waveguide and one output arm, and 

- a first output waveguide connected to the output arm of the branching waveguide. 

Switch unit 15" also Includes electrodes (not shown) formed on the surface of 
substrate In correspondence of the Y-shaped branching waveguides and adapted to 
produce the switching action between the two arms of the Y, 
35 In detail, switch unit 15" Includes: 

- a first switch 41 (1x2) having its input waveguide coupled to the first transmitter 
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Txi and its first output waveguide coupled to the first transmitting transponder 
TxTi(U 

• a second switch 42 (2x1) having its first input waveguide coupled to the second 
output waveguide of the first switch 41 and its output waveguide coupled to the 
5 third transmitting transponder TxT 2 (^); 

- a third switch 43 (1x2) having its input waveguide coupled to the third receiving 
transponder RxT^XJ and its first output waveguide coupled to the second input 
waveguide of the second switch 42; 

- a fourth switch 44 (2x1) having its first input waveguide coupled to the second 
10 output waveguide of the third Bwitch 43, its second input waveguide coupled to 

the first receiving transponder RxTi(JLx) and Its output waveguide coupled to the 
second receiver Rx 2 ; 

- a fifth switch 45 (2x1) having its first input waveguide coupled to the fourth 
receiving transponder RxT 2 (Ay) and Its output waveguide coupled to the first 

15 receiver Rxi; 

- a sixth switch 46 (1x2) having its input waveguide coupled to the second 
receiving transponder RxTift,) and its first output waveguide coupled to the 
second input waveguide of the fifth switch 49; 

- a seventh switch 47 (2x1) having a first input waveguide coupled to the second 
20 output waveguide of the sixth switch 46 and an output waveguide coupled to the 

second transmitting transponder TxT^); and 

- an eighth switch 48 (1x2) having an input waveguide coupled to the second 
transmitter Tx^ a first output waveguide coupled to the second input waveguide 
of the seventh switch 47 and a second output waveguide coupled to the fourth 

25 transmitting transponder TxT 2 (Xy). 

In Figure 6, connections which are operative under normal conditions are 
shown with a continuous line, while connections which are not used under normal 
condition are represented with a dashed line. 

The use of an Integrated switching matrix offers several advantages over a 
30 discrete components switching matrix. In particular 

- opto-mechanical switch units 15 and 15* are more cumbersome than the 
integrated switch unit 15"; for example, a typical 2x2 opto-mechanlcai switch may 
occupy a surface of about 48x18 mm 2 , and four switches are needed to form the 
switch unit 15* while the integrated switch unit 15" may occupy an area of about 

35 4x65 mm 4 : 

- integrated switch unit 15" has response times lower than opto-mechanical switch 
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unite 15 and 15'; in fact, integrated switch unit 15" allows response times of about 
1 ms, while opto-mechanical switch units 15 and 15* have typical response times 
of about 5-10 ma; 

- the use of a single integrated device in place of four 2x2 switches or eight 1x2 
6 and 2x1 switches allows to simplify the piloting electronic circuit; 

- integrated switch unit 15 1 is cheaper than opto-mechanical switch units 15 and 
15'. 

Alternatively to the optomechanical switch units 15 and 15* and to the lithium 
niobate Integrated switch unit 16", other types of optical switch units may be used, 

10 including either a discrete components switching matrix or an Integrated switching 
matrix, for example including thermo-optical switches, magneto-optical switches, 
liquid crystal switches, SOA (Semiconductor Optical Amplifier) switches, electro- 
optical switches and micro-mechanical switches (MEMS). 

The node structure previously described is adapted to manage two working 

15 finks on the same logical ring. Anyway. If the client traffic pattern requires only one 
working link to be terminated at a generic node, this node may be sub-equipped. This 
situation is depicted in Figure 6, where a generic one^tnk node 20] adapted to 
manage a single working link in its left-hand side is shown under normal operative 
conditions. 

20 Node 20j differs from the node 20i of Figure 3 in that the second transmitter 

Tx 2 , the second receiver Rx* the first receiving transponder RxTifXJ and the fourth 
transmitting transponder TxT 2 piy) of node 201 are absent, and in that it Includes a 
switch unit 115 which does not comprise the third and the fourth switch 24, 25 of 
switch unit 15. Therefore, differently from the architecture of Figure 3, the third 

25 receiving transponder RxT a (J«> is directly coupled to the second input 22b of the first 
switch 22 and the second output 23d of the second switch 23 is directly coupled to 
the second transmitting transponder TxTi(Xy). The single working link managed by 
node 20J includes signals sent by node 20] to another node at the working 
wavelength *« lW on the external ring 2 and signals received by node 2Qj from the 

30 other node at the working wavelength on the internal ring 3. Protection 
wavelengths ^ p and ^ are managed in the same way as described before for the 
two-link node. 

Figure 7 shows an alternative switch unit 1 15' for a one-link node to be used in 
place of switch unit 115. Switch unit 11 S includes 1x2 and 2x1 optomechanical 
35 switches of the same type as those of switch unit 15* and implements the 
interconnection functionality required for node 20j f omitting the unused 
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interconnections. For sake of clarity, input connections and output connections of 
switch unit 11S are grouped on the left side and, respectively, on the right side of 
switch unit 115\ 

Switch unit 115 includes a first switch 131 (1x2), a second switch 132 (2x1), a 
5 third switch 135 (2x1) and a fourth switch 136 (1x2) respectively equivalent to 
switches 31, 32, 35 end 36 of switch unit 15' (Figure 4) and differs from switch unit 
15* In that switches 33, 34, 37 and 38 of switch unit 15' are absent. 
In detail, switch unit 115' include: 

- a first switch 131 of the 1x2 type, having its Input coupled to the first transmitter 
1 0 Txt and its first output coupled to the first transmitting transponder TxT^Xx); 

- a second switch 132 of the 2x1 type, having its first input coupled to the second 
output of the first switch 131, its second input coupled to the third receiving 
transponder RxT a (W and its output coupled to the third transmitting transponder 
TxT a (U 

15 - a third switch 135 of the 2x1 type, having its first input coupled to the fourth 
receiving transponder RxT 2 (Xy) and its output coupled to the first receiver Rx,; 
and 

- a fourth switch 136 of the 1x2 type, having its Input coupled to the second 
receiving transponder RxTi(^), a first output coupled to the second Input of the 

20 third switch 135 and a second output coupled to the second transmitting 
transponder TtfT^Xy). 
In Figure 7, connections which are operative under normal conditions are 
shown with a continuous line, while connections which are not used under normal 
condition are represented with a dashed line. 
25 Figure 8 shows an integrated optics switch unit 1 1 5" having me same switching 
architecture of switch unit 115 1 of Figure 7, but realized using the same technology of 
switch unit 15" of Figure 5, I.e. lithium niobate (LiNbOj) integrated circuit technology. 
Switch unit 115" Includes a first switch 141 (1x2), a second switch 142 (2x1), a third 
switch 145 (2x1) and a fourth switch 146 (1x2) performing the same signal routing as 
30 the corresponding switches of switch unit 1 1 5' (figure 7). 

Alternatively, switch units 115, 115* and 115" may Include switches selectable 
in the set comprising thermo-optical switches, magneto-optical switches, liquid crystal 
switches, SOA (Semiconductor Optical Amplifier) switches, electro-optical switches 
and micro-mechanical switches (MEMS). 
35 Network 1 operates as follows. 

When a link between a first and a second node of the network 1 has to be 
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established, a generic pair of first and second wavelengths \, is chosen within the 
wavelength band. A working link is then set up between the two nodes by connecting 
the first transmitter Tx t of the first node to the second receiver Rxa of the second 
node using the first wavelength J* on the external ring 2, and by connecting the 

5 second transmitter Tfc of the second node to the first receiver Rx, of the first node 
using the second wavelength X, on the internal ring 3, on a same working arc path. 
As previously described, other working links may be set up In the protection path of 
the two considered nodes, provided that the working path used by each working link 
is non-overlapping with other working paths used by other working links using the 

10 same wavelengths. In the case here considered, the second wavelength A* on the 
external ring 2 and the first wavelength X* on the Internal ring 3 are not used under 
normal operative conditions, and are reserved for optical protection (I.e. are reserved 
for use in case of failure). 

Each working link is under control of the two nodes at the end of the link Itself. 

15 This means that, for a working link operating at working wavelengths X* W i the 
two nodes at the end of this link must provide the add/drop functions on working 
wavelengths X*, w and Xy |W to/from the set of transmission wavelengths h, ta- 
Moreover, all the required monitoring functions on the transmitted signals (e.g. 
optical power level, channel identifier, BER performance, etc.) have to be carried out 

20 at these terminating nodes. It has to be noted that the nodes not involved in 
communications on working wavelengths X Kyt and Xy jW do not provide any function on 
them, and these wavelengths are directly bypassed. Each node at the end of a 
working link using wavelengths X*,* and \, w must also have the control on the 
protection wavelengths X*p and X^, being these wavelengths shared for protection 

25 among all the working links of the corresponding logical ring. The other nodes (i.e. 
the nodes external this logical ring) are not required to perform any operation on K, ? 
and ^v, p , and these wavelengths are simply bypassed in these nodes. As a general 
rule, the nodes not Included In a logical ring (I.e. not terminating a generic working 
link on this logical ring) can be completely transparent to the wavelengths associated 

30 to the logical ring. 

In the example of Figure 2, the working link between node 20c and node 20f 
operating on working wavelengths and &y,w under control of these two nodes, 
and the working link between node 20d and 20e operating on the same wavelengths 
is under control of these two last nodes. Each of the nodes 20c, 20d, 20e and 20f 

35 has also the control on the protection wavelengths X^p, associated to the 
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corresponding logical ring, In order to have access to the shared protection resource. 

Nodes 20a and 20b cannot be part of the logical ring operating at working 
wavelengths X^w. and may define termination nodes of working links at 
wavelengths different from Xy lW . Therefore, nodes 20a and 20b do not perform 
5 any action on working wavelengths X^ w , and protection wavelengths Xx tP , ^, p , 
even if they may be required to provide optical amplification on the set of 
transmission wavelengths K .... X* Furthermore, each node may be required to 
provide functions like regeneration or monitoring on the bypassed wavelengths, in 
order to allow a constant performance control of the set of transmission wavelengths 

10 Xi, A2, »i A* over the entire ring network Indeed, under failure conditions, these 
nodes have not to provide any reconfiguration action on the channels carried by the 
bypassed wavelengths. 

With reference to Figure 3, the signal flow inside the generic node 20i, under 
normal operative conditions, is as follows. 

15 In reception, the first and the second QADM 4, 5 drop the wavelengths of the 

logical rings to be managed. All the other wavelengths may be directly bypassed to. 
the node output without any processing. In greater detail, the first OADM 4 drops 
from the set of transmission wavelengths X 1f ... ,Xn on the external ring 2 both the 
working and protection wavelengths X** and Xyp (and possibly working end protection 

20 wavelengths of other logical rings to be managed), while the second OADM 5 drops 
from the set of transmission wavelengths X i( ... ,Xn on the internal ring 3 both the 
working and protection wavelengths ^ and (and possibly working and protection 
wavelengths of other logical rings to be managed). Wavelengths X*, w , X, fi , Xy W and 
are sent directly to the respective receiving transponders RxTifA*), RxTifty), 

25 RXT 2 (^) and RXT^XJ, where, after conversion In electric format, information related 
to the link (link signalling) Is extracted and sent to the CPU 16 for processing. After 
processing, wavelengths A*, w , Ay lP , V* and arB nGW *y converted In optical format. 

The first working wavelength Xy, w is then routed through switch unit 15 to the 
first receiver Fbd and the second working wavelength h. w is routed through switch 

30 unit 15 to the second receiver Rx 2 . The first and the second protection wavelengths 
Vp and are by-passed through switch unit 15 to the third transmitting transponder 
TxTa&t) and, respectively, to the second transmitting transponder TxT^Xy), from 
where they are fed to the internal ring 3 and, respectively, to the external ring 2 by 
the second OADM 5 and, respectively, the first OADM 4. Signalling information 

35 carried by the protection wavelengths is left unchanged since no protection fa 
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required at the moment on the two working channels. 

Signals generated by the first transmitter Tx, are routed through switch unit 15 
to the first tranmrtting transponder TxT^ for transmission on the first working 
wavelength Xx,w» and signals generated by the second transmitter Tx^ are routed 
5 through switch unit 1 5 to the fourth transmitting transponder TxT 2 (Xy) for transmission 
on the second working wavelength Xy |W , In the first and the fourth transmitting 
transponder TxT^XJ, TxT 2 (Xy) f appropriate information (link signalling, channel 
identifier) generated by CPU 16 is added (for example by using bytes k1 and k2 as 
recommended In ITU-T standard) to signals on the first working wavelength A*,* and! 
10 respectively, on the second working wavelength Xy iW . These wavelengths are then 

sent respectively to the external and internal rings 2, 3 by OADMs 4, S. 

Identical operations are performed In each receiving/transmitting module 
included in node 20I, for corresponding pairs, of wavelengths that have to be 
managed by this node. 

15 When a failure occurs, reconfiguration takes place in all those, and only those, 
logical rings including at least a working link whose transmission is affected by the 
failure. It is intended that the failure can be everything affecting the transmission 
between two nodes, therefore not only a fiber cut but also a failure In a node device 
such as a OADM or a transponder. Reconfiguration In a logical ring Is performed 

20 independently from reconfiguration in the other logical rings. In particular, for each 
working link affected by the failure, reconfiguration takes place only at the pair of 
nodes terminating the link, while the nodes interposed between these terminating 
nodes do not perform any action to restore the failed link. 

As a consequence of a failure on the generic working link operating at the 

25 working wavelengths X**, X,.*, tfre two nodes terminating the working link detect the 
failure condition (in the way herelnbelow described) and run the reconfiguration 
prooess by switching the transmission on the respective protection arc path using the 
protection wavelengths X^p, In practice, signals previously transmitted at the first 
working wavelength X^ w on the external ring 2 are switched at the first protection 

30 wavelength A*, p on the internal ring 3, while signals previously transmitted at the 
second working wavelength on the Internal ring 3 are switched at the second 
protection wavelength Xyj on the external ring 2. 

Ttie working link between the two nodes Is consequently re-routed on the 
respective protection path by using the protection wavelengths X*^ Xy >P( if necessary 

35 through nodes which are terminating other working links on the same logical ring. 



PC811 27 

These last nodes do not have to perform any action as a consequence of the 
reconfiguration process performed by the nodes terminating the working link affected 
by the failure, but must be aware of the presence of a signal carried by the protection 
wavelengths In order to know that the protection resource has been taken by another 
5 working Dnk of the same logical ring. Therefore, as a consequence of the protection 
operations performed on the failed working link, all the other working links of the 
same logical ring become unprotected. This situation persist until the failure has 
been repaired and the transmission previously switched on the protection path has 
been restored on the original working link. Moreover, nodes which terminate working 

10 links sharing the same protection resource of the failed one (i.e. the working links of 
the same logical ring) must have the protection mechanism Inhibited until normal 
conditions are restored. 

Figure 9 depicts a situation in which a failure occurs in the ring network of 
Figure 2 between nodes 20a and 20b. According to the above, nodes 20a and 20b 

15 do not perform any action in response to the failure because, in the particular 
condition disclosed, they are not terminating nodes of a working link affected by the 
failure. 

The hereinbelow described sequence of operations for the failure detection and 
signalling performed by nodes 20c and 20f is to be considered only as an example. 

20 • Different sequence of operations may alternatively be used, without depart from the 
scope of the present Invention, ail leading to a transitory condition at the end of which 
nodes 20c and 20f are both reconfigured. 

Supposing that the failure affects only the transmission from node 20f to node 
20c (along the internal ring 3), while the opposite transmission (along the external 

25 ring 2) is still operative, node 20c detects the absence of signals or a signal quality 
degradation (corresponding, for example, to a BER over a predetermined threshold) 
at the second working wavelength Xy iW on the fourth receiving transponder RxT 2 (*y) 
and, consequently, its CPU 16 operates a reconfiguration of its switch unit 15 (as 
hereinbelow described with reference to Figure 10) in order to switch the 

30 transmission (in the manner described below) on the protection path. Before 
reconfiguration takes place, node 20c sends node 20f a failure message preferably 
along both the external ring 2 (in the counter-clockwise direction) and the internal 
ring 3 (In the clockwise direction) and preferably by using the protection wavelengths 
A* p and Ay,,, to inform node 20f of the new situation. 

35 In the preferred case of the bidirectional message transmission, node 20f 

receives the message from bolh the external ring 2 and the internal ring 3 (for 
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example at the protection wavelengths ^ P and X^p) and reads by performing the 
reconfiguration of its switch unit 16 (as shown in Figure 13), consequently switching 
the transmission on the respective protection path. 

On the other hand, if the failure affects only the transmission from node 20c to 
5 node 20f (along the external ring 2), a similar sequence of operations ia performed 
starting from node 20f. 

Alternatively, If both the transmission directions are affected by the failure, the 
first one between nodes 20c and 20f becoming aware of the absence of signals or of 
a signal quality degradation sends the other node the failure message (preferably 

1 0 along both the external ring 2 and the Internal ring 3 and preferably by using the 
protection wavelengths ^ and Xy iP ) and subsequently operates a reconfiguration of 
its switch unit 15. The other node realizes the presence of a failure In the considered 
link either as a consequence of the detection of the absence of signals or of a signal 
quality degradation, or as a consequence of the reception of the failure message 

15 from the first node (and only from one direction, in the preferred case of the 
bidirectional message transmission) and, in its turn, sends a failure message to the 
first node and operates a reconfiguration of its switch unit 15. 

At the end of the above transitory condition, signals transmitted between nodes 
20c and 20f are carried on the respective protection path. Nodes 20d and 2Ge, 

20 which, In the example of Figure 2, are the termination nodes of another working link 
in the same logical ring, are informed of the new situation by checking the status of 
the channel carried by the protection wavelengths bypassed (i.e. by reading the 
failure message), and they consequently inhibit their protection mechanism. 

When the failure has been repaired, the normal condition can be restored on 

25 each affected logical ring by resetting the switching layouts at the terminating nodes 
of the failed working links so as to re-route such links on their original working path. 
On the generic logical ring, all the fink terminating nodes not previously affected by 
the failure are informed of the release of the shared protection capacity by checking 
the status of the channel carried by the protection wavelengths (which are now 

30 unused). As a consequence, these link terminating nodes re-enable their protection 
mechanism. 

Figure 10 depicts the situation in which a failure occurs on a working link 
defined by the generic node 20i (together with a further node not shown), in particular 
a failure on the left-hand side of node 20I. Node 20! is informed of the failure 
35 condition by detecting, at the fourth receiving transponder RxT 2 (Ay), the absence of 
signals, or a signal quality degradation (like a BER over a predetermined threshold), 



RCV. V0N:EPA-MUHNCHKN 02 



; 1- 7-yy ; 19:53 ; 



+4:9 «y 23994465; #39 



PCB11 29 

or the reception of a failure message (as previously described). CPU 16 
consequently generates an appropriate failure message to be sent to the other 
terminating node of the working link, preferably along both the external ring 2 and the 
internal ring 3. CPU 16 preferably feeds this failure message to the second 
5 transmitting transponder TxTi(Xy) for transmission at the second protection 
wavelength ^ and to the third transmitting transponder TxT a pJ for transmission at 
the first protection wavelengths X* p . CPU 16 subsequently operates the 
reconfiguration of switch unit 15, by reconfiguring switches 22 and 23 from the 
bypass status to the switched status in order to bypass the failed working path and 

10 re-route the transmission towards the other node of the failed working link on the 
respective protection path. 

In the new node configuration, the first transmitter Txi is connected to the third 
transmitting transponder TxT 2 <^ and the corresponding signals are then sent on the 
internal ring 3 in clockwise direction, while the first receiver Rxi is connected to the 

15 second receiving transponder RxTiPty) and the signals are then received from the 
external ring 2 in counter-clockwise direction* If the considered node Includes a 
switch unit 15' (1x2 and 2x1 switches) or a switch unit 15" (integrated optics) In place 
of switch unit 15 (2x2 switches), the reconfigured status of the corresponding switch 
unit is as shown In Figure 1 1 and, respectively, in Figure 12. 

20 The node at the other end of the affected link performs the same operations, 

after receiving a failure message from the other node, or after detecting the absence 
of signals or a signal quality degradation at Its first receiving transponder RxT^Xx). 
The working link between the two nodes Is consequently re-routed on the protection 
path associated to the working link. Both the reconfigured nodes have also to update 

25 the signalling information (generated by the respective CPUs and added to the 
transmitted signals In the respective transmitting transponders TYTs) carried by the 
protection wavelengths \ 9t Xy iP In order to Inform all the other nodes on the same 
logical ring that the shared resource Is at present used by the two considered nodes. 
When the failure has been repaired, both the nodes at the end of the affected 

30 link can be restored to the normal operative condition of Figure 3, thus releasing the 
shared protection resource. 

In nodes including mora than one receiving/transmitting module 6, the 
described protection mechanism operates Independently for each module 6. 

Figures 13-15 depicts the situation In which a failure occurs on the right-hand 

35 side of the generic node 20I. The reconfiguration process fs very similar to the one 
referred to the left-hand side failure and Is not here described. 
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It Is intended that, without depart from the scope of the present invention, the 
architecture of the nodes may me arranged so that, in the absence of failures, 
protection wavelengths on the internal ring 3 and Xy lP on the external ring 2 may 
be used to transport low-priority in the same direction as the other wavelengths on 
5 the same ring. 
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CLAIMS 

1 . Autoprctected optical communication ring network, including a first and a second 
optical carrier (2, 3) having opposite transmission directions and a plurality of 

5 optically reconfigured nodes (20a-20f) optically connected along the first and 
the second optical carrier (2, 3) and adapted to communicate in pairs by means 
of respective links susceptible of failure, the ring network having a normal 
operative condition In which the nodes of each pair are optically configured so as 
to exchange optical signals on a respective working arc path at a respective first 

10 wavelength (jg on the first carrier (2) and at a respective second wavelength 

different from said first wavelength (X*) on the second carrier (3), said respective 
working path having a complementary arc path defining a respective protection 
arc path in which the first wavelength (X*) on the first earner (2) and the second 
wavelength (Xy) on the second carrier (3) can be used for further links and the 

15 first wavelength (XJ on the second carrier (3) and the second wavelength (Xy) on 
the first carrier (2) are reserved for protection, characterized in that the ring 
network has a failure operative condition in which the nodes terminating a fallured 
link are optically reconfigured so as to exchange optical signals on the respective 
protection arc path at the respective second wavelength (Xy) on the first carrier 

20 (2) and at the respective first wavelength (XJ on the second carrier (3). 

2. Ring network according to claim 1, wherein each of said plurality of 
reconfigurable nodes (20a-20f) is adapted to manage a predetermined subset of 
wavelengths within a set of transmission wavelengths (X i? Xe ... X*) and includes 

25 a first and a second optical add/drop multiplexer (4, 5) serially connected to said 
first and, respectively, second carrier (2, 3) to feed/extract said subset of 
wavelengths to/from said first and, respectively, second carrier (2, 3), and to 
pass-through the remaining wavelengths of the set of transmission wavelengths 

30 

3. Ring network according to claim 1, wherein each of said plurality of 
reconfigurable nodes (20a-20f> includes at least an optical transmitter (Tx,). at 
least an optical receiver (R*) and a reconfigurable optical switch unit (15; 15'; 
15"; 115'; 115") selectively coupling said optical transmitter (Tx,) and said 

35 receiver (Rx t ) to said first and second carriers (2, 3). 
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4. Ring network according to claim 3, wherein each of said plurality of 
reconfigurable nodes (20a-20f) Includes information insertion devices (TxTs) 
selectively optically connectable to said at least an optical transmitter (7*i) and 
adapted to insert signalling information into the optical signals and information 

5 extraction devices (RxTs) selectively optically connectable to said at least an 
optical receiver (RxO and adapted to extract signalling information from the 
optical signals. 

5. Ring network according to daim 4, wherein said Information insertion devices 
10 (TxTs) and said information extraction devices (RxTs) Include optical 

transponders optically coupling said optical switch unit (15; 15'; 15"; 115'; 115") to 
said first and second carrier (2, 3) and adapted to change the signals 
wavelengths. 

15 6. Method to autoprotect an optical ring network, said ring network including a first 
and a second optical carrier having opposite transmission directions and a 
plurality of nodes optically connected along the first and the second optical carrier 
and adapted to communicate in pairs in order to define bidirectional links, each 
pair including a first and a second link termination node adapted to mutually 

20 communicate at respective first and second wavelengths, the method including: 

- exchanging signals between the first end the second link termination node 
of each parr on a respective working arc path of said ring network by using 
the respective first wavelength on the first carrier and the respective second 
wavelength on the second carrier; said respective working path having a 

25 complementary arc path defining a respective protection arc path in which 

the first wavelength on the first carrier and the second wavelength on the 
second carrier can be used for further links and the first wavelength on the 
second carrier and the second wavelength on the first carrier are reserved 
for protection; 

30 - checking if a failure Is present in the ring network producing at least a 
fallured link; and 

- optically reconfiguring, in the presence of a failure, the link terminating 
nodes of said at least a fallured link so that they exchange signals on the 
respective protection arc path by using the respective first wavelength on 

35 the second carrier and the respective first wavelength on the second carrier. 
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7. Method according to daim 6, wherein each node of said plurality of nodes la 
adapted to manage a predetermined subset of wavelengths within a set of 
transmission wavelengths carried by the first and the second carrier, said step of 
exchanging including optically separating, at each node of said plurality of nodes, 

5 each wavelength of the respective subset of wavelengths from the set of 
transmission wavelengths. 

8. Method according to claim 6, wherein the step of checking includes verifying, in 
each node of said plurality of nodes and for each wavelength of the respective 

10 set of wavelengths, If signals are received. 

9. Method according to claim 8, wherein said step of checking includes verifying, in 
each node of said plurality of nodes and for each wavelength of the respective 
set of wavelengths, if signals are received degraded. 

15 

10. Method according to claim 6, wherein said step of checking includes verifying, In 
each node of said plurality of nodes and for each wavelength of the respective 
set of wavelengths, if signals include a failure message. 

20 11. Method according to claim 8, further including transmitting a failure message 
from a first link termination node of a pair to a second link termination node of the 
same pair if a signal transmitted from the second link termination node to the first 
(Ink termination node Is not received, or is received degraded, by the first link 
termination node. 

25 

12, Method according to claim 8, wherein said step of reconfiguring includes 
switching optical connections which selectively couple at least an optical 
transmitter and an optical receiver to said first and second carrier. 

30 13. Reconfigurable node for an autoprotected optical communication ring network, 
comprising a receiving/transmitting module (6) Including; 

- an optical transmitter (Tx^ to generate a signal including Information to be 
transmitted in the network; 

- an optical receiver (Rxi) to receive a signal including Information transmitted 
35 in the network; 
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- a first transmitting transponder (TxT^Xx)) for optically coupling to a first carrier 
(2) of the network and adapted to modulate a signal at a first wavelength (**); 

- a second transmitting transponder (TxT^jg) for optically coupling to the first 
carrier (2) and adapted to modulate a signal at a second wavelength (Ay); 

5 - a third transmitting transponder (TxT 2 (U) for optically coupling to a second 
carrier (3) of the network and adapted to modulate a signal at the first 
wavelength (X*); 

- a first receiving transponder (RxT a (?«)) for optically coupling to the first carrier 
(2) and adapted to demodulate a signal having the first wavelength (>*); 

10 - a second receiving transponder (RxT a (Xy» for optically coupling to the first 
carrier (2) and adapted to demodulate a signal having the second wavelength 

- a third receiving transponder (RxTi(Xy)} for optically coupling to the second 
carrier (3) and adapted to demodulate a signal having the second wavelength 

15 (A,); 

- reconflgurable optical connections (22-25; 31*38; 41-48; 131-136; 141-146) to 
selectively connect 

• the optical transmitter (T*) either to the first transmitting transponder 
(TxT^x)) or to the third transmitting transponder (TxT 2 (A*)); 

20 • the first receiving transponder (RxT a &J) to the third transmitting 

transponder (TxT 2 (J«)); 

• the second receiving transponder (RxT 3 (Xy)) to the optical receiver 
(Rxi); and 

• the third receiving transponder (RxT^)) either to the optical receiver 
25 (Rxi) or to the second transmitting transponder (TxT^Xy)). 



14. Reconflgurable node according to claim 13, wherein the receiving/transmitting 
module (6) further includes: 

- a further optical transmitter (Txa) to generate a signal including information to 
30 be transmitted in the network; 

- a further optical receiver (Rxj) to receive a signal including information 
transmitted in the network; 

- a fourth transmitting transponder (TxT 2 (Xy)) optically coupled to the second 
carrier (3) and adapted to modulate a signal at the second wavelength (Xy); 

35 and 
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- a fourth receiving transponder (RxTi(XO) optically coupled to the first carrier 

(2) and adapted to demodulate a signal having the first wavelength (XJ; 
said reconfigurable optical connections (22-25; 31*38; 41-48; 131-136; 141-146) 
selectively connecting; 

5 t the first receiving transponder (RxT 4 (A*» either to the third transmitting 

transponder (T xT 2 (A*)) or to the further receiver (Rxz); 

• the fourth receiving transponder (RxT t (X*)) to the further receiver 
(Rxs); and 

* the further optical transmitter (TxJ either to the second transmitting 
10 transponder (TxTipg) or to the fourth transmitting transponder 

OW,)). 

16. Reconfigurable node according to dalm 13 or 14, characterized in that It Is 
adapted to manage a predetermined set of wavelengths within a set of 

15 transmission wavelengths (X h X t hi) including a first and a second optical 
add/drop multiplexer (4, 6] optically coupling the receiving/transmitting module (6) 
to said first and, respectively, second carrier (2, 3) to feed/extract said subset of 
wavelengths to/from said first and, respectively, second carrier (2, 3), and to 
pass-through the remaining wavelengths of the set of transmission wavelengths 

20 X*). 

16. Reconfigurable node according to claim 13 or 14, wherein the reconfigurable 
optical connections (22-25; 31-38; 41-48; 131-136; 141-146) include 2x2 
switches. 

25 

17. Reconfigurable node according to claim 13 or 14, wherein the reconfigurable 
optical connections (22-25; 31-38; 41-48; 13M36; 141-146) Include 1x2 and 2x1 
switches. 

30 18. Reconfigurable node according to claim 16 or 17, wherein the reconfigurable 
optical connections (22-25; 31-38; 41-48; 131-136; 141-146) include discrete 
switching components. 



19. Reconfigurable node according to claim 16 or 17, wherein the reconfigurable 
optical connections (22-25; 31-38; 41-48; 131-138; 141-146) include an 
integrated switching matrix. 
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20. Reconftgurable node according to claim 18 or 19, wherein the reconfiguraWe 
optical connections (22-25; 31-38; 41-48; 131-136; 141-146) include optical 
switching components selectable in the group including: 
5 - opto-mechanical switches; 

- therm o-optlcal switches; 

- magneto-optical switches; 
• liquid crystal switches; 

^ - semiconductor switches; 

> 10 electro-optical switches; 

- micro-mechanical switches; and 

- lithium niobate Integrated circuit switches. 
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ABSTRACT 

An eutoprotected optical communication ring network includes a first and a second 
optical carrier (2 ( 3) having opposite transmission directions and a plurality of 
optically reconfigurable nodes (20a-20f) optically connected along the first and the 
5 second optical carrier (2, 3) and adapted to communicate in pairs by means of 
respective links susceptible of failure, the ring network having a normal operative 
condition In which the nodes of each pair are optically configured so as to exchange 
optical signals on a respective working arc path at a respective first wavelength (ft*) 
on the first carrier (2) and at a respective second wavelength (*y) different from the 

10 first wavelength (A*) on the second carrier (3), the respective working path having a 
complementary arc path defining a respective protection arc path in which the first 
wavelength (AJ on the first carrier (2) and the second wavelength on the second 
carrier (3) can be used for further links and the first wavelength (AJ on the second 
carrier (2) and the second wavelength (Xy) on the first carrier (3) are reserved for 

15 protection, the ring network having also a failure operative condition In which the 
nodes terminating a failured link are optically reconfigured so as to exchange optical 
signals on the respective protection arc path at the respective second wavelength 
(Xy) on the first carrier (2) and at the respective first wavelength (A*) on the second 
carrier (3). 
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